certainly confounded by aging, but the absolute numbers are informative. In all three nations, the number of stroke deaths has decreased in recent years, although the trend is less apparent in Australia, and the decrease in Japan preceded that in South Korea. The proportion of deaths from stroke amongst all deaths in Australian women has stayed fairly static in the last 20 years (Figure 4) . In Japanese women, as much as 25% of all deaths were from stroke approximately 40 years ago (Figure 5 ), but this percentage has now approximately halved. In South Korean women, stroke peaked as a proportion of all deaths in 1994 (18%) and stayed close to this percentage for the next 10 years, before declining back to the levels last seen in the 1980s (Figure 6 ).
Two issues arise when interpreting findings on the epidemiology of stroke from western countries within the context of the Asia-Pacific region. First, in some countries in the AsiaPacific region coronary heart disease (CHD) is less common than stroke, unlike Western countries [5] . Second, amongst all strokes, hemorrhagic stroke (HS) is more often observed in Asia than in the western world, where ischemic stroke (IS), with a lower case fatality rate, is far more common. Even so, the relative amount of HS is changing with time, probably due to the epidemiological transition to a western lifestyle [5] [6] [7] . Thus, in China, relatively old studies of stroke incidence reported IS percentages of approximately 50%, and HS of 45%, amongst all reported strokes, whereas new studies have found between 44 and 79% for Although epidemiological data on stroke are voluminous, the majority of published information comes from western countries, with relatively few data, especially age-standardized incidence data, from the Asia-Pacific region [1] , where the largest proportion of the world's population resides. Stroke is the second biggest killer worldwide, accounting for approximately 10% of all deaths in 2004, and is the sixth most important contributor to healthy life years lost [101] . In China, it has been estimated that stroke reduces years of future life by 20-40% whilst, following a stroke, active life may be reduced by as much as 90% [2] . Stroke is predominantly a disease of old age, the total population of the Asia-Pacific region is aging, women generally live longer than men and (perhaps consequent to suffering stroke at an older age) shortterm survival after stroke is generally worse for women than men [1, 3, 4] . Hence the issue of stroke amongst women in the Asia-Pacific region is clearly of huge i mportance in global public health.
Three examples of the impact of stroke for women in the region will serve as an illustration, bearing in mind that age-standardized incidence and mortality rates are essential to reliably compare time trends within and among nations. In Australia, the number of stroke deaths amongst women has been higher than amongst men for at least 30 years (Figure 1 ) [102] , whilst female deaths have outnumbered male deaths in Japan since the early 1980s (Figure 2 ) [103] , and in South Korea since 1992 (Figure 3 ) [104] . These sex differences are
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The epidemiology of stroke amongst women in the Asia-Pacific region National data from the Asia-Pacific region suggest that stroke accounts for over 10% of female deaths. With general aging in the region, and longer life expectancies for women than men, action is required to maintain recent improvements in female death rates from stroke. However, local data on incidence and risk factors for stroke amongst women are scarce. Data from 214,032 women in the Asia Pacific Cohort Studies Collaboration were thus used to investigate the risk factors for stroke in the region. Raised systolic blood pressure and diabetes were found to be key risk factors for both ischemic (IS) and hemorrhagic (HS) stroke. After adjustment for other risk factors, every extra 10 mmHg systolic blood pressure increased risk of IS by 36% and HS by 69%, whilst diabetes increased risk of IS by 170% and HS by 147%. Smoking was also an important risk factor for IS and HS; risk was reduced by quitting. [3] . This compares with typical percentages in western countries of 67-81% for IS and 6-20% for HS [8] . HS may well show different associations with risk factors, or even have d ifferent risk factors, to IS [9] .
Therefore, it is important that stroke subtype is accounted for when assessing risk factors for stroke in the Asia-Pacific region. Unfortunately, this requires expensive investigation, such as CT scans, which may not be available. For example, Figure 4 shows that the majority of female fatal strokes in Australia are of unknown or other (i.e., not IS or HS) subtype [102] . Since these other subtypes are rare, it is clear that stroke subtyping after death is very incomplete in Australia. Japan probably has the most extensive system of stroke verification in the world, with approximately 80% of female fatal strokes subtyped in most years ( Figure 5 ) [103] . South Korea lies in-between (Figure 6 ). Australia has seen constant proportions of female deaths due to IS since 1998, but a halving of deaths due to HS as a proportion of all deaths (Figure 4 ) [104] : overall, the percentage of all deaths that are due to stroke has decreased from 12% in 1998 to 10% in 2008. Japan has shown a shrinking of the relative importance of HS as a proportion of all deaths since 1960, with a growth and then a decline in IS over the last 60 years (Figure 5 ). At present, approximately 11% of all deaths amongst Japanese women are due to stroke, of which approximately two-thirds are ischemic, which contrasts sharply with the 1960s when approximately three-quarters of fatal strokes were hemorrhagic. Although interpretation is hampered by the relatively large number of unknown stroke subtypes, South Korean women appear to have experienced trends similar to those for Japanese women in the absolute and relative percentages of deaths due to IS and HS in the last 20 years, with a time lag (Figure 6 ). At present, approximately 13% of female South Korean fatalities are caused by stroke, and, of these, more than 60% are ischemic, but before 1994, HS was at least three-times as likely to be the cause of death as IS. The reasons for these differences between countries and over time can be speculated [5] , but large, highquality epidemiological studies are required in order to provide hard evidence. It is most useful if such studies include nonfatal events; owing to the much higher case fatality ratio of HS, mortality data, such as that reported above, can give a misleading impression of the relative frequency of HS. From studies where incidence data are available, IS is generally more common than HS.
This article uses the largest known collaborative study of cardiovascular disease (CVD) and its risk factors, in the Asia-Pacific region, the Asia Pacific Cohort Studies Collaboration (APCSC), to investigate the relationship between putative risk factors and fatal and nonfatal HS and IS.
Methods
Details of the APCSC have been published previously [10] . In brief, studies included had to have a cohort design with selection that was not based upon any disease or risk factor, have baseline information on age, sex and blood 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 The current investigation is restricted to women, but earlier papers from APCSC have reported associations with stroke for men and women combined, often using an earlier (less complete) version of the study database than is employed in this article [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . A further restriction here is that analyses are only given for those major CVD risk factors for which at least 100 IS and HS events were recorded amongst women: diabetes, smoking, blood pressure (only systolic is included here, for b revity), total cholesterol, triglycerides and BMI.
At baseline, the presence of diabetes was determined on the basis of a reported history of diabetes, or by applying the 1999 WHO diagnostic criteria to blood glucose levels at baseline [21] . In one included study (Singapore National Health Survey), diabetes status was also determined by an oral glucose tolerance test. Cigarette smoking status (i.e., current/former/never smoked) was self-reported. Height and weight were measured, rather than selfreported, and BMI was calculated as weight over the square of height (kg/m 2 ). A minority of studies reported repeat measures of some of the risk factors during follow-up.
Most studies used database linkage to identify deaths, while others also included scheduled follow-up visits or examined hospital records, particularly to identify nonfatal events. Outcomes were classified according to the Ninth Revision of the International Classification of Diseases (ICD-9). The outcomes considered in this analysis were: total stroke (430-438); HS (431.0-432.9); and IS (433.0-434.9).
All data provided to the Secretariat were checked for completeness and consistency and recoded, when necessary, to maximize comparability across cohorts. Summary reports were referred back to principal investigators of each collaborating study for review and confirmation. 
Statistical analyses
Analyses were based on individual participant data. Cox proportional hazard models, adjusted for age and stratified by study, were used to derive the hazard ratios (HRs), and corresponding 95% confidence intervals (CIs), for each of the six risk factors, both for HS and IS. CIs were computed using the method of floating absolute risks [22] . Fatal and nonfatal events were pooled in the analyses. Continuous risk factors were clustered into four ordinal groups, such that an equal number of events Mortality from all causes (%) 1951 1955 1960 1965 1970 1975 1980 1985 1990 1995 Mortality from all causes (%) 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 The epidemiology of stroke amongst women in the Asia-Pacific region -ReseaRch aRticle The epidemiology of stroke amongst women in the Asia-Pacific region -ReseaRch aRticle occurred in each group. After these initial analyses, continuous risk factors were represented as continuous variables where the association appeared to be approximately log-linear for both IS and HS; otherwise relatively high and low values were compared. The associations for continuous variables were adjusted for regression dilution bias using the repeat measures data [22] . To compare effects in Asia and ANZ, and to simultaneously see the effects of risk factors after adjusting for others, multivariable Cox models were fitted to data stratified by sub region (Asia/ANZ) and interaction by subregion was tested by adding a subregion by risk factor interaction term to a Cox model, taking the subregions together, for each risk factor in turn.
Results
Of the 44 studies in the APCSC, all but two included women. The other 42 studies involved 214,032 women, of whom 79% were from Asia (Table 1 ). The mean age at baseline was 46 years (51 years in ANZ and 45 years in Asia). Over a mean follow-up of 7.2 years, 272 IS and 399 HS fatal events (225 and 345, respectively, in Asia) were recorded. As expected, the fatal CHD/stroke ratio differed widely: from 1.90 in ANZ to 0.29-0.38 in mainland China, Japan and South Korea. In the 19 studies (17 from Asia) that reported nonfatal, as well as fatal, events, 477 nonfatal IS and 161 nonfatal HS events (352 and 130, respectively, from Asia) were observed. As expected, the percentage that was fatal was higher for HS (65%) than IS (27%). After adjustment for age, diabetes was significantly (p < 0.05) associated with IS: the HR (95% CI) was 2.40 (1.54-3.74). The corresponding HR for HS was lower and not significantly different from unity at 1.50 (0.73-3.10). The HRs for current smoking versus never smoked, by contrast, were virtually identical for IS, which was 1.35 (1.15-1.58) and HS, which was 1.36 (1.17-1.59), with ex-smokers having a risk, for each subtype, in-between current and never smokers (Figure 7) . Systolic blood pressure (SBP) is a strong predictor of IS and HS, showing a clear log-linear association down to below 120 mm Hg (Figure 8 ). The regression dilution and age-adjusted HR for a 10 mmHg higher SBP was 1.38 (1.36-1.40) for IS and 1.52 (1.49-1.55) for HS. Total cholesterol was a positive risk factor only for IS (Figure 9 ): HRs for a 1 mmol/l higher value were 1.20 (1.15-1.26) for IS and 1.00 (0.94-1.06) for HS. Triglycerides had similar associations for each subtype (Figure 10 ): for a 0.5 mmol/l higher value the HRs were 1.11 (1.07-1.21) for IS and 1.08 (1.04-1.22) for HS. For BMI, there was evidence of a J-shaped relationship, with a nadir in the second quarter, for IS, but a flat relationship for HS (Figure 11) . Figures 12 & 13 show subregion-specific, multiple adjusted associations for the six risk factors analyzed. The associations with SBP, diabetes and smoking are similar to those found after only age adjustment, suggesting that these risk factors work independently. Thus, SBP, diabetes and (to were significantly higher than for ANZ for both IS and HS. The increase in risk for every additional 10 mmHg was also higher for HS than for IS, most noticeably in Asia (84 vs 44%). For other risk factors, any differences between subregions were explainable by chance except for the triglycerides-IS association, where the point estimate for ANZ was unreliable. There was also a large differential between the subregional HRs for HS associated with diabetes, again explained by inaccurate estimation in ANZ, but here the i nteraction was not quite significant at the 5% level.
Discussion
This study, of more than 200,000 women, has demonstrated that SBP and diabetes are strongly and independently positively associated with both the major subtypes of stroke for women in the Asia-Pacific region. Smoking is the third risk factor of key importance, and, importantly, these analyses provide evidence of a benefit of quitting for women. Overweight/obesity may also be an important predictor of IS, but may have a negative effect on HS. The evidence for any independent positive effect of cholesterol on IS amongst women was weak, whilst there was no evidence of any effect on HS. No evidence was found for any effect of triglycerides on stroke after accounting for other risk factors, in contrast to a recent study of IS in Denmark [23] . Furthermore, there was no firm evidence of differences in effects of risk factors in Asia or ANZ, with the exception of SBP where effects were qualitatively similar, but differed in magnitude such that the associations were sharper in Asia. Awareness and control of salt in the diet and use of medication to reduce blood pressure has undoubtedly improved in Asia in recent years; for example, Japan has seen reductions in average salt intake in most recent years [24] . This is likely to explain a great deal of the overall reduction in stroke fatalities in several Asian countries [5, 6] . The stronger association of SBP with HS than with IS, seen in Figures 8, 12 & 13 , may partially explain the relative decrease in HS deaths in recent years. Australia is yet to experience an intensive national campaign to reduce salt, although an advocacy group is working to change this [105] . Improved tobacco control in the region has undoubtedly had a huge impact in reducing stroke rates, but the data in Transitions in dietary habits may have had the biggest impact on the IS/HS ratio [5] , since increased cholesterol and adiposity may have opposing effects, according to Figures 12 & 13. This hypothesis is supported by other data that show CHD to be increasing, relative to stroke, in Japan [6] . However, the influence of cholesterol on stroke seems to be weak, given that the largest studies, to date, have shown conflicting results. APCSC, taking men and women combined, found a marginally nonsignificant multipleadjusted positive effect of TC on IS, and a significant negative effect on HS [18] . The Prospective Studies Collaboration found significant effects for TC on IS only amongst 40-59-year-olds, where there was a positive effect; and on HS only amongst 70-79-year-olds, where there was a negative effect [25] . INTERSTROKE [26] found nonsignificant negative associations with both subtypes, although this result must be viewed with caution owing to the weak study design utilized. A large collaborative study in Japan also found no a ssociation of TC with any stroke subtype [27] .
Diabetes, which is strongly associated with increased body fat, is on the rise throughout the Asia-Pacific region [28] . In this study, diabetes was found to be positively associated with IS after age and multiple adjustment, both in Asia and ANZ. For HS, the evidence was more mixed, but the most compelling analysis, multivariable adjustment using all the data (Figure 13) , found a statistically significant excess risk for HS of a similar magnitude to IS (Figure 12) . Thus, diabetes is unlikely to have had a role in the recent declines of either deaths due to stroke or the IS/HS ratio amongst women. Rather, it may have an i mportant role in increasing stroke in the future.
This study has the advantage of a large sample size, but the disadvantages of lacking both a common protocol across the studies and an objective measure of tobacco inhalation within studies. Whilst stroke was analyzed according to its two major subtypes, HS and IS, etiological differences may occur between subtypes of finer division. For example, a Japanese study has reported low-density lipoprotein cholesterol to be a risk factor for athero thrombotic infarction, but not other types of IS [29] . Furthermore, many cases of stroke in this study were not even able to be classified to one of the two major subtypes.
Future perspective
The implications of the findings presented here are mixed. First, there is clearly a continuing decline in stroke deaths amongst women in the Asia-Pacific region, which suggests that public health and clinical initiatives are already leading to long-term improvements. As well as wholesale changes in stroke deaths for the better, decreases in the relative proportion of deaths due to the hemorrhagic subtype, with its worse prognosis, also point to improvements, although the consequences of a nonfatal stroke are often far from trivial. Data on stroke incidence are rare in the region, and there is a clear need for national registries of stroke, as well as CHD.
The risk factors for stroke of both main subtypes are frequently associated with lifestyle choices, most obviously for smoking. Thankfully, smoking in women is still unusual in most Asian countries, although the prevalence of smoking is on a par with men in Australia and New Zealand [30] . The problem here is that smoking may be portrayed as sexy and empowering to young women, thus requiring sustained vigilance through tobacco control programs. Women are, in many cases in the Asia-Pacific region, primarily responsible for family food choices, storage and preparation. The education of women regarding the risks of excess salt may be the public health strategy with the biggest bang for the buck. Finally, the inexorable rise in diabetes within the Asia-Pacific region is of great concern, with reported national adult rates already as high as 15% [31] . Diabetes is a stronger risk factor for IS amongst women than men [32] , and results here suggest it is also an important risk factor for HS amongst women. Hence, actions to control the diabetes epidemic, and to prevent its sequelae, should be expected to have a huge impact on death and disability amongst women from the Asia-Pacific region. Figure 12 . Multiple-adjusted hazard ratios for ischemic stroke by subregion and overall. Summary diamonds are plotted with the overall hazard ratio at their center and with arms going out to the 95% confidence limits. Boxes are centered on the subregionspecific hazard ratio, drawn in proportion to the variance of the log hazard ratio; lines from boxes go to the 95% confidence limits. Hazard ratios for a unit increase in systolic blood pressure and total cholesterol, overweight or obesity (BMI ≥25 kg/m 2 ) versus not, and smoking versus not are adjusted for each other and for age; hazard ratios for diabetes versus not and a unit increase in triglycerides are adjusted for systolic blood pressure, total cholesterol, overweight/obese status, smoking status and age. ANZ: Australia and New Zealand. 
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Hazard ratio
Hazard ratio (95% CI) Figure 13 . Multiple-adjusted hazard ratios for hemorrhagic stroke by subregion and overall. Conventions as in Figure 12 . ANZ: Australia and New Zealand.
Executive summary
Regional perspectives on stroke • Stroke accounts for more than 10% of fatalities amongst women in the Asia-Pacific region.
• In recent years, stroke deaths in the region have been decreasing and the relative number of deaths from hemorrhagic stroke has decreased, relative to ischemic stroke.
Risk factors for stroke in the Asia-Pacific region
• Data from women in the Asia-Pacific Cohort Studies Collaboration show that systolic blood pressure and diabetes are the most important risk factors for stroke of both subtypes. Smoking is also a key risk factor, with reduced risk for those who have quit.
• Raised BMI is associated with a higher risk of ischemic stroke, but not hemorrhagic stroke.
Actions required
• National stroke registries are needed to monitor incidence and mortality.
• Education regarding the dangers from salt used in food preparation and storage can be expected to have a huge impact on reducing stroke rates, especially if backed by government policies.
• Tobacco control initiatives, targeted to women's issues, should also help to reduce the risk of stroke amongst women.
• Provides cross-adjusted results for all major risk factors for stroke subtypes in the Asia-Pacific region, although female results are not presented separately.
19. Asia Pacific Cohort Studies Collaboration: Central obesity and cardiovascular disease in the Asia Pacific region. Asia Pac. J. Clin. Nutr. 15, 287-292 (2006) .
20. Woodward M, Barzi F, Feigin V et al.: Associations between high density lipoprotein cholesterol and both stroke and coronary heart disease in the Asia Pacific region. Eur. Heart J. 28, 2653 Heart J. 28, -2660 Heart J. 28, (2007 16, 187-192 (2007 
